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1
SYSTEM FOR THE ELECTRONIC
MANAGEMENT OF PHOTOVOLTAIC CELLS
AS A FUNCTION OF METEOROLOGY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage application of PCT/
1B2010/055757 filed on Dec. 10, 2010 and published in the
French language, and entitled “System For THE ErLECTRONIC
ManNaceMENT OF PHotovortatc CeLLs As A FuncTion OF METEO-
roLOGY” which claims priority to French application FR
0958900 filed on Dec. 11, 2009.

DOMAIN OF THE INVENTION

The present invention relates to the domain of photovoltaic
generators and more specifically photovoltaic modules inte-
grating the electronic system; a module of this type includes
aphotovoltaic generator and a system for the electronic man-
agement of photovoltaic cells.

TECHNOLOGICAL BACKGROUND

In a manner known per se, a photovoltaic generator (PVG)
includes one or more photovoltaic (PV) cells connected in
series and/or in parallel. In the case of inorganic materials, a
photovoltaic cell essentially comprises a (pn or pin junction)
diode composed on the basis of a semiconductor material.
This material has the property of absorbing light energy, a
significant part of which can be transferred to charge carriers
(electrons and holes). The constitution of a (pn or pin junc-
tion) diode by the doping of two zones of type N and type P
respectively—possibly separated by a non-doped region (re-
ferred to as “intrinsic” and designated by “i” in the pin junc-
tion)—allows the charge carriers to be separated for them
then to be collected via electrodes which the photovoltaic cell
comprises. The maximum potential difference (open-circuit
voltage, V) and the maximum current (short-circuit cur-
rent, I ) that the photovoltaic cell can supply are a function
of both the materials making up the cell as a whole and the
conditions surrounding this cell (including illumination via
the spectral intensity, temperature, etc.). In the case of organic
materials, the models are markedly different—making fur-
ther reference to the notion of donor and acceptor materials in
which electron-hole pairs known as excitons are created. The
objective remains the same: to separate the charge carriers to
collect and generate a current.

FIG. 1 shows schematically an example of a photovoltaic
generator (according to the prior art). Most photovoltaic gen-
erators comprise at least one panel, itself comprising photo-
voltaic cells connected in series and/or in parallel. A plurality
of groups of cells can be connected in series to increase the
total voltage of the panel; a plurality of groups of cells can
also be connected in parallel to increase the intensity deliv-
ered by the system. In the same way, a plurality of panels can
be connected in series and/or in parallel to increase the volt-
age and/or the amperage of the generator according to the
application.

FIG. 1 shows a photovoltaic generator comprising two
parallel branches, each containing three groups of cells 2. In
order to guarantee the electrical safety of the photovoltaic
generator, non-return diodes 3 and bypass diodes 4 can be
provided. The non-return diodes 3 are connected in series to
each parallel branch of the generator in order to avoid the flow
in the cells of a negative current arriving from the load or from
other branches of the generator. The bypass diodes 4 are

10

15

20

25

30

35

40

45

50

55

60

65

2

connected in anti-parallel to the groups 2 of cells. The bypass
diodes 4 enable the separation of a group 2 of cells presenting
a deficiency or a shadowing problem and solve the problem of
hot spots.

The maximum voltage of the generator corresponds to the
sum of the voltages of the cells of which it is comprised, and
the maximum current that the generator can deliver corre-
sponds to the sum of the maximum currents of the cells. The
maximum voltage V. of a cell is reached for a cell on no
load, i.e. for a zero delivered current (open circuit) and the
maximum current I .. of a cell is reached when its terminals
are short-circuited, i.e. for a zero voltage on the terminals of
the cell. The maximum values V. and I depend on the
technology and the material used to implement the photovol-
taic cell. The maximum value of the current I~ also depends
strongly on the level of insolation of the cell. A photovoltaic
cell thus presents a non-linear current/voltage characteristic
(Ipp, V) and a power characteristic with a maximum power
point (MPP) which corresponds to optimum voltage values
V. and optimum current values I ,,. FIG. 2 shows the cur-
rent/voltage (I, V5;) and power/voltage (P, V 5;-) charac-
teristics of a photovoltaic cell with its maximum power point
(identified by PPM in the figure). Similarly, a photovoltaic
generator will present a non-linear current/voltage character-
istic and a power characteristic with a maximum power point.
If'a part of the cells is shadowed, or if one or more cells of the
group is defective, the maximum power point MPP of this
group will be displaced.

It is known to optimize the operation of a photovoltaic
generator through the use of a command to search for the
maximum power, known as a Maximum Power Point Tracker
(MPPT). An MPPT command of this type can be associated
with one or more static converters (CS) which, according to
the applications, can be a direct-current/alternating-current
(DC/AC) converter or a direct-current/direct-current (DC/
DC) converter. FIG. 1 thus shows a DC/AC static converter 8
connected to the output of the generator and collecting the
electrical energy produced by all of the cells of the generator
to deliver it to a load. According to the requirements of the
load, the converter can be made to increase or reduce the
output voltage and/or to invert the output voltage. FIG. 1 thus
shows an MPPT command 6 associated with the converter 8.

The MPPT command 6 is designed to control the conver-
ter(s) 8 in order to obtain an input voltage which corresponds
to the optimum voltage value V,,,, of the photovoltaic genera-
tor (PVGQG), corresponding to the maximum point of the power
characteristic. The maximum power point depends on a plu-
rality of parameters that are variable through time, notably the
insolation present, the temperature or the ageing of the cells
or the number of cells in a functional state.

In this way, the output of the photovoltaic generator is not
too adversely affected by the malfunction or shadowing of
certain cells. The electrical output of the generator depends
directly on the state of each photovoltaic cell.

The power delivered by the photovoltaic generator will
vary as a function of the insolation. Notably, not one but two
or three or even more converters can be used as a function of
the power. The method consists in adapting the number of
(cell or phase) converters as a function of the changes in the
power produced by the PVG. In fact, the use of a single
converter is not necessarily advantageous in order to manage
substantial power variations, the conversion output being
adversely affected. The output of a power converter consti-
tuted on the basis of a single phase (or of a single converter)
reduces when the PV power supply is maximum, whereas the
structure including three converters has a tendency to main-
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tain a virtually constant output regardless of the delivered PV
power. This will result in a greater transfer of energy to the
battery.

FIG. 3 shows an arrangement of this type, including at the
output of the PV cells three CS (which, in this case, are
BOOST converters). These converters are actuated as a func-
tion of the generator power in relation to the peak power of the
device (Ppeak). In a known manner, when the power deliv-
ered by the PVG s less than or equal to one third of the Ppeak,
one CS is used; when the power delivered by the PVG is
between V5 and %5 of the Ppeak, 2 CS are used, and when the
power delivered is greater than %5 of Ppeak, 3 CS are used.

In the event of meteorological changes, the number of
converters involved will therefore change, since the power
generated by the PVG will vary. These changes may be
numerous in the course of one day and over the service life of
the PVG. Numerous changes impose stresses on the compo-
nents, notably those of the converters, which causes the
devices to age.

There is therefore a need to reduce the ageing of the com-
ponents of the PVG.

SUMMARY OF THE INVENTION

Thus, the invention provides a system for the electronic
management of a photovoltaic generator, the system includ-
ing:

a plurality of n static converters (11, 12, 13) connected in
parallel, each converter (11, 12, 13) being electrically
connected to at least one photovoltaic cell (10) of said
generator,

the variation in the number of connected converters being
effected through variation in the photovoltaic power,
through comparison of the generated power with thresh-
olds P1, P2, . . . Pn-1, after a lag time t.

According to one embodiment, the lag time t lies between

3 and 20 minutes, preferably between 5 and 15 minutes.

According to one embodiment, the value of the time t
depends on the state of the components of the converters.

According to one embodiment, the value of the time t
depends on meteorological conditions, chosen notably
according to the installation location of the generator and the
season.

According to one embodiment with rotation of the CS in
the system, the converters are connected in turn.

According to one alternative of this embodiment with rota-
tion of the CS, the rotation of the converters is effected in the
event of variation in the number of converters employed.

According to one alternative of this embodiment with rota-
tion of the CS, the rotation of the converters depends on the
state of the components of the converters.

The subject-matter of the invention is also a photovoltaic
generator including:

at least one photovoltaic cell;

the management system according to the invention.

The subject-matter of the invention is also a method for
controlling a photovoltaic generator, including:

at least one photovoltaic cell;

a plurality of n static converters (11, 12, 13) connected in
parallel, each converter (11, 12, 13) being electrically
connected to at least one photovoltaic cell (10);

said method including the steps of:

determination of the power generated by said at least one
photovoltaic cell and comparison with the peak power;

comparison with threshold values P1, P2, Pn-1;
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4

connection of i converters when the measured power value
lies between Pi-1 and Pi or of all the converters if the
measured power value is greater than Pn-1;

said connection being carried out after a lag time t if the
connection conditions are still satisfied.

According to one embodiment, said method includes the

following steps, implemented according to periods:

determination of the power generated by said at least one
photovoltaic cell and comparison with the peak power;

comparison with the threshold value P1;

(a) if the value is lower than this threshold P1, a single
converter is connected;

(b) if the value is higher than this threshold P1, a com-
parison is then made with a second threshold P2;

(b1) if the power is less than P2, 2 converters are con-
nected;

(b11) a comparison is then made with the first threshold
P1, and if the power value is higher than this thresh-
old, the routine returns to step (b), and if the value is
lower than this threshold P1, a lag time t is activated;

(b12) if the lag time has been activated, a comparison is
then again made with the first threshold P1, and if the
power value is higher than this threshold, the routine
returns to step (b) after having reset the lag time, and
if the value is lower than this threshold P1, the expiry
or not of the lag time period is determined, and, if not,
the comparison with the value P1 is resumed;

(b13) when the lag time period has expired, the routine
then returns to step (a);

(b2) if the power is greater than P2, 3 converters are
connected;

(b21) a comparison is then made with the second thresh-
old P2, and if the power value is higher than this
threshold, the routine returns to step (b2), and if the
value is lower than this threshold P1, a lag time t is
activated;

(b22) if the lag time has been activated, a comparison is
then again made with the second threshold P2, and if
the power value is higher than this threshold, the
routine returns to step (b2) after having reset the lag
time, and if the value is lower than this threshold P2,
the expiry or not of the lag time period is determined,
and, if not, the comparison with the value P2 is
resumed;

(b13) when the lag time period has expired, the routine
then returns to step (a) or step (b);

repetition of the steps if necessary for n converters.
According to one embodiment with rotation of the CS, in
the method according to the invention:
the ith converter no longer being connected during the
connection of the other converters when all the convert-
ers are not connected.
According to one alternative of this embodiment with rota-
tion of the CS, the method includes the steps of:
connection of at least one first converter;
connection of a higher number of converters;
then, in the event of the connection of a lower number of
converters, said first converter is not connected.
According to one alternative of this embodiment with rota-
tion of the CS, in the method, the step of rotation of the
converters is carried out when the measured power value
changes between the thresholds Pi-1 and Pi.
According to one alternative of this embodiment with rota-
tion of the CS, the method includes the steps of:
determination of the duration of use and/or of the number
of use of each converter;
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connection of the converters such that the duration of use
and/or the number of use is more or less equal for the
converters over a given period.
The methods of the invention are particularly suitable for
the generators according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached drawings:

FIG. 1, already described, shows a diagram of a photovol-
taic generator of the prior art;

FIG. 2, already described, shows theoretical current/volt-
age and power characteristics of a photovoltaic cell;

FIG. 3 shows a diagram of a PVC including a plurality of
converters (here 3 static converters CS of BOOST type;

FIG. 4 shows the changes in the power and the number of
CS employed as a function of the time of day;

FIG. 5 shows the algorithm according to one embodiment
of the invention;

FIGS. 6a and 65 show an enlargement of two zones of the
power curve as a function of the time of day with application
of the invention and indication of the number of CS
employed;

FIG. 7 shows an example of a photovoltaic production
profile, with PV power (P,,) as a function of time;

FIG. 8 shows a simulated power profile;

FIGS. 9a and 95 show the values of P, and P,
without and with the algorithm of the invention;

FIG. 10 shows the measurement device used.

InFIGS. 4, 6a, 65,7, 8, 9a and 95, the thresholds P1 and P2
are, in a conventional manner, at ¥4 and % of the power Ppeak,
in this case 28 and 56 W respectively.

in the cases

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The invention proposes a system for the electronic man-
agement of a photovoltaic generator comprising a plurality of
(cell or phase) converters which may be DC/AC or DC/DC,
typically three converters, connected to photovoltaic cells.
The converters are electrically connected to at least one pho-
tovoltaic cell in order to collect the energy produced by this
cell and transfer it to a load. The term “load” refers to the
electrical application for which the energy produced by the
photovoltaic generator is intended. The description that fol-
lows is given with reference to 3 converters, but it is under-
stood that the invention applies identically to a higher num-
ber. CS will be the acronym used below to designate a (in this
case static) converter.

In a conventional manner, these converters are controlled
by a command known as MPPT. For example, this maximum
power point tracker command MPPT can implement an algo-
rithm which identifies the influence of a voltage change on the
power delivered by the generator and causes a shift in the
voltage in the direction identified as increasing the power.
Thus, an algorithm of this type consists in measuring the
power delivered by the generator for a first voltage and, after
a certain time, in imposing a second voltage higher than the
first then measuring or estimating the corresponding power.
In the case where the power corresponding to the second
voltage is higher than the power corresponding to the first
voltage, the next step of the algorithm is to impose a third,
even higher voltage. In the opposite case, the third voltage
applied is lower than the first voltage. Thus, by degrees, the
system can continuously adapt the voltage on the terminals of
the photovoltaic generator in order to approximate as closely
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as possible the maximum power point. It is understood that
other algorithms can be implemented for the MPPT com-
mand.

FIG. 3 shows a system of this type, and the PVG includes
aphotovoltaic unit 10, connected to CS 11,12, 13 (BOOST 1,
2 and 3) and to an MPPT command 14, the output of the CS
being connected to a battery 15.

The number of CS employed is a function of the power that
is sent towards the CS. In a known manner, the number varies
according to the detection of a threshold. In the case of' 3 CS,
the application of the prior art corresponds to two predeter-
mined thresholds of change in the number of converter. As a
function of the power measured by the MPPT management
system, i.e. less than %3 Ppeak, between 4 and %4 Ppeak and
more than % Ppeak, the management system then employs
one, two or three converters. Other threshold values can be
used if necessary.

Meteorological conditions are of course responsible for the
level of power generated. When the sun is hidden by thick
clouds, the insolation reduces substantially and the generated
power falls, resulting in a change in the system, which
switches from 3 to 1 CS. For an inverse change, the opposite
happens. These changes are notably given by way of example
in FIG. 4. FIG. 4 shows the generated power and the number
of CS employed as a function of the time of day. In the use of
this configuration with multiple CS and adaptation of the
number of CS for photovoltaic applications, it can be noted
that, for days of disrupted operation, as shown in FIG. 4, the
device will often and quickly change the number of converter
to follow climatic variations and therefore photovoltaic
power variations. These fast and numerous changes will have
a negative impact on the service life and reliability of the
electronic components that make up the power converters.

The invention is based on the use of a power stabilization
time (or lag time) t. The change in the number of CS will only
be authorized after this lag time t has expired. Thus, a quick
variation will not be taken into account and the number of CS
will remain identical during the phase including oscillations.

This stabilization time t varies according to the system. It
may typically be of the order of 3 minutes to 20 minutes, for
example lying between 5 minutes and 15 minutes.

A possible algorithm for the implementation of the stabi-
lization time t is shown in FIG. 5.

The starting point is a state with a given power. In a first
instance, the PV power P, (which corresponds to P, for the
CS) is determined at a block 505.

If'this power P, is lower than the first threshold P1 (taken,
for example, as equal to 1/3), the answer to the logical question
is “no” and a single CS is employed at a block 510; the routine
returns to the start. If this power P, is higher than the first
threshold, the answer to the logical question is “yes”; the
process then moves on to the second step of the routine.

During this second step, a comparison is made with the
second threshold P2 (taken, for example, as equal to %5) ata
block 515. If this power P, is lower than the second thresh-
old P2 (taken, for example, as equal to %4), the answer to the
logical question is “no” and two CS are then employed at a
block 520; the routine then continues according to a first
branch.

According to this first branch, the next logical question is
again a comparison with the first threshold P1 at a block 525.
If the power Py, is higher than the first threshold P1, the
answer to the logical question is “no” and the routine returns
to the start of the second step at the block 515. If the answer
is “yes”, the lag time is activated at a block 530. According to
the prior art, the answer necessarily resulted in the transition
to 1 CS. In the invention, this transition does not take place
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and a lag time is activated instead. From time to time, accord-
ing to a defined period, the value of the power P, is again
measured and compared with the first threshold P1 at a block
535. If the value is higher, the answer to the logical question
is “no” and the routine returns to the start of the second step at
the block 515: the conditions in which 2 CS are required then
prevail once more. In this case, the lag time is reset at a block
540. It is therefore evident that the fact of having waited has
allowed a two-way transition between 2 states to be avoided
and therefore a gain to be made in terms of system component
fatigue. If, during the comparison, the value is lower than the
threshold P1, the routine moves on to the next logical question
atablock 545. The next logical question is the question of the
expiry of the lag time.

If the response is negative, the routine returns to the pre-
ceding logical question at block 535, which is the com-
parison with the threshold value P1. If, therefore, during
the period of the lag time t, the power value P is higher
than the first threshold P1, the system considers that the
number was in fact 2 CS and the system returns to the
logical question of the second step at the block 515.

If the response is positive, meaning that the lag time has
expired, the lag time is reset at a bloc 550, the routine
switches to 1 CS and the sequence is completely
restarted.

During this second step at the block 515, a comparison is
made with a second threshold P2 (taken, for example, as equal
to %4). If this power P, is higher than the second threshold P2
(taken, for example, as equal to 24), the answer to the logical
question is “yes” and 3 CS are then employed at a block 560;
the routine then continues according to a second branch.

According to this second branch, the next logical question
is again a comparison with the second threshold P2 at a block
565. If the power P, is higher than the second threshold P2,
the answer to the logical question is “no” and the routine
returns to the start of the second branch. Ifthe answer is “yes”,
the lag time is activated at a block 570. According to the prior
art, the answer necessarily resulted in the transition to 2 (or 1)
CS. In the invention, this transition does not take place and a
lag time is activated instead at the block 570. From time to
time, according to a defined period, the value of the power P
is again measured and compared with the second threshold P2
at a block 575. If the value is higher, the answer to the logical
question is “no” and the routine returns to the start of the
second branch: the conditions in which 3 CS are required at
the block 560 then prevail once more. In this case, the lag time
is reset at a block 580. It is therefore evident that the fact of
having waited has allowed a two-way transition between 2
states to be avoided and therefore a gain to be made in terms
of system component fatigue. If, during the comparison, the
value is lower than the threshold P2, the routine moves on to
the next logical question at a block 585. The next logical
question is the question of the expiry of the lag time.

If the response is negative, the routine returns to the pre-
ceding logical question at the block 575, which is the
comparison with the threshold value P2. If, therefore,
during the period of the lag time t, the power value P,
is higher than the first threshold P2, the system considers
that the number was in fact 3 CS and the system returns
to the logical question of the second branch.

If the response is positive, meaning that the lag time has
expired, the lag time is reset at a block 590, the routine
switches to 1 CS and the sequence is completely
restarted. It would also be possible to switch to 2 CS
rather than 1 CS and restart identically, the answer to the
first logical question necessarily leading to the second.
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According to one embodiment, there is no lag time during
power-up. This prevents all of the power from being directed
towards a single CS, which would entail a sharp increase in
the temperature of the CS.

The aforementioned defined period is fixed or may vary as
a function of certain, notably meteorological, conditions:
there is no need to implement the routine with an insolation
known to be constant. The duration of this period is highly
variable, and may be of the order of seconds, tens of seconds,
minutes or even more if necessary. However, the period will
advantageously remain less than the stabilization period t.

FIGS. 6a and 65 show, in an enlarged manner, the number
of CS employed with the implementation of the algorithm
according to the invention for two parts taken in the curve
shown in FIG. 4.

FIGS. 6a and 65 show that the 2 CS case is not an active
case, the system having considered that the 3 CS case is the
prevailing case. In FIG. 64, the variations are predominantly
between 3 CS and 2 CS, with a very large part in the 3 CS
domain. In such a case, the system considers that the PVG
will operate with fewer stresses than in the 3 CS case. This
situation is even more striking in FIG. 65, since the 2 CS case
would have been implemented more often with the prior art,
whereas it does not occur with the invention. The invention
favors the higher case, when the PVG swings between 2
states.

The use of this stabilization time has the effect of reducing
the thermal and electrical stresses to which the active com-
ponents are subjected during these unwanted power varia-
tions.

The thermal variations produce mechanical constraints in
the semiconductors, largely due to the difference in the coef-
ficients of expansion of the materials used in manufacture, for
example 4 ppm/° C. for silicon as opposed to 16 ppm/° C. for
copper and 24 ppm/° C. for aluminum.

The result of the mechanical constraints to which electrical
contacts are subjected after numerous thermal cycles is the
appearance of micro-cracks on the contacts, even to the point
of the latter being broken.

The object of the invention is to anticipate variations in
order to minimize the thermal cycles by limiting abrupt tem-
perature variations. FIG. 7 is an example of a photovoltaic
production profile, with PV power (P ;) as a function of time.
In the middle of the day, for example, an abrupt drop in power
is observed. In normal operation, the system will switch from
point 1 (high power—3 activated converters) to point 2 (low
power—1 single activated converter). Two converters will
therefore stop abruptly, thus creating a thermal cycle of high
AT°.

By applying the invention, the three converters will con-
tinue to operate at point 2. The temperature of the three
converters will therefore decrease progressively since the
power is distributed in the three cells. If the power has not
increased between points 2 and 3, two of the converters will
be disconnected and therefore a single converter will operate
at point 3. Thanks to this principle, it is possible to limit the
extent of the AT® variations and therefore limit the extent of
the thermal cycles.

The stabilization or lag time t is the time during which the
3 CS will be active between points 2 and 3 (or a different CS
combination).

This stabilization or lag time t can be fixed in the algorithm
of the system or can be modified according to a plurality of
criteria.

A first criterion is the meteorology itself. Climatic condi-
tions vary from one zone to another and therefore the lag time
can be optimized according to the zone in which the PVG is
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installed. In fact, in certain climates, there are few alternating
clouds (for example a Mediterranean climate) or, on the con-
trary, there may be many of them (for example an oceanic
climate). The climatic conditions also vary according to the
seasons and the lag time may again be adapted according to
the month of use.

It is also possible to have “intelligent” learning software
that will classify climatic conditions and choose the duration
of the lag time according to the climatic conditions actually
encountered.

A second criterion is the behavior of the components them-
selves, and notably their behavior as a function of the power
and temperature (notably of the transistors or the system as a
whole). The stabilization or lag time t can notably be modu-
lated as a function of the temperature of the components.

According to one advantageous embodiment, the system
integrates a CS rotation routine to avoid imposing continuous
stress on a single CS. In fact, in FIG. 3, the converter CS 11 is
continuously connected, and therefore continuously receives
the current to be converted. The other CS are used according
to the changes taking place in the generation of the PV power.
CS 11 is therefore continuously subjected to stress, and is
furthermore subjected to changes in power to be processed in
the event of variations in PV power. The reliability of the
system is therefore reduced as one of the components is
continuously subjected to stress. According to the advanta-
geous embodiment, there is a rotation of the CS employed.

The rotation can be controlled in the event of changes in the
PV power generated by the panels or can be controlled
according to the state of the converters, or both. A random
allocation command can also be used.

According to one embodiment, the change of CS takes
place in the event of the increase in the number of CS
employed. For example, if CS 11 is connected, and the com-
mand determines that 2 CS must be used, CS 12 and 13 will
then be employed, whereas CS 11 will no longer be con-
nected. If the number of CS returns to one unit, CS 12 (or CS
13) will then be connected rather than CS 11, which will still
be idle. In the case where the 3 CS must be connected, the
rotation takes place during the return to 1 or 2 CS. In this case,
the starting point is a situation where CS 11 is connected, then
the 3 CS are connected, then the return conditions require 2
CS so CS 12 and 13 are connected or, if the return conditions
require only 1 CS, CS 12 or 13 will be connected.

According to a different embodiment, the change of CS
takes place due to a calculation of the use of the CS. This
calculation can be based on the duration of use, the rotation
being carried out in such a way as to ensure a duration of use
more or less equal for all the CS over a given period. This
period may be one day, several days or a fraction of a day, for
example one or more hours, wherein this duration may also be
a function of the time of day and/or the season. Thus, accord-
ing to this embodiment, the CS that must be employed is the
onethat has been least used, i.e. the one having the least usage
time. The calculation can also be carried out by counting the
number rather than the duration of use or stresses of the CS,
independently of the duration of use. In this case, the CS that
must be employed is therefore the one that has been stressed
the least number of times. It is also possible to envisage an
embodiment in which the two variants are combined.

According to a different embodiment, it is possible for the
rotation to be carried out in a random manner, a random
generator then being provided in the management system. In
the event of the increase or reduction in the number of CS, the
choice is made in a random manner, possibly in “shuffle”
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mode if necessary (this mode corresponds to a mode in which
the CS that has been used is excluded from the random selec-
tion).

In the description above, the CS rotation is carried out
when there is a change in the number of CS employed. It is of
course possible to provide for this rotation to take place when
the number of CS employed is constant (insofar as it is dif-
ferent from the maximum number). Thus, when the meteo-
rological conditions are such that only one CS is employed, a
routine can be provided that exchanges this CS with a CS
initially idle, in such a way that one CS is not used continu-
ously for more than a given duration.

The rotation of the converters employed has the effect of
further reducing the thermal and electrical stresses to which
the active components are subjected in the event of power
variations. As indicated above, the thermal variations produce
mechanical constraints in the semiconductors, the result of
which is the appearance of micro-cracks on the contacts, even
to the point of the latter being broken. The object of the
embodiment with CS rotation is to distribute the thermal and
electrical stress over all of the converters.

The electronic management system according to the inven-
tion may also include safety functions, controlling the shut-
down of the converters following a message indicating, for
example, overheating of the components of the PVG. The
electronic management system according to the invention
may also include an anti-theft function. The management
system according to the invention may furthermore transmit
information relating to the operating condition of the groups
of cells and/or the converters to a control centre of an electri-
cal network. This facilitates the maintenance of the PVGs. In
particular, the operator responsible for maintenance is thus
alerted more quickly to a malfunction of certain groups of
photovoltaic cells or certain converters and may consequently
undertake measures.

The management system according to the invention may be
totally or partially integrated into a photovoltaic generator.

According to one possible embodiment, multi-junction
photovoltaic devices can be used. It then becomes necessary
to manage the problem of electrical coupling of the different
junctions. A multi-junction photovoltaic device, for example
a tandem-junction device, refers to a photovoltaic device
comprising a plurality of single junctions stacked in such a
way as to increase the zone of solar spectrum absorption by
the device. Tandem-junction photovoltaic devices allow a
better electrical conversion output to be obtained. The main
disadvantage of the electrical coupling in a tandem-junction
photovoltaic device is the need for a harmonization in the
performances of the photovoltaic cells that make up the tan-
dem, regardless ofthe insolation conditions. This ideal case is
not feasible in reality since the current production of each cell
of the tandem is spontaneously different according to the
region of the spectrum in which they are active, and varies as
a function of the insolation conditions. This results in an
intrinsic limitation of the tandem-junction photovoltaic
device by the weakest of its elements. A current limitation of
this type substantially reduces the theoretical output of a
tandem-junction photovoltaic device. One solution consists
in electrically decoupling the junctions of a tandem-junction
photovoltaic device. The photovoltaic cells of the tandem are
still optically coupled but are electrically decoupled. Each
junction is then connected to two electrical electrodes; a
four-electrode photovoltaic device is thus obtained (in the
case of a tandem). By connecting the converters to each (at
least one) photovoltaic cell of the tandem, the system allows
a multi-junction photovoltaic device to be obtained that oper-
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ates with electrically decoupled photovoltaic cells, each one
managed in an optimum manner via the management system
according to the invention.

The following examples illustrate the invention without
limiting it.

EXAMPLE

In this example, the effect is measured in terms of the
output loss of the application of the invention.

The test protocol chosen to evaluate the energy gain
achieved by the method according to the invention consisted
in using the same input source (solar simulator) and the same
multi-phase power card (behavior of identical electrical com-
ponents). The simulator allowed the application in both cases
of the same power profile (for example the production of a
module with a peak power of 85 W over a relatively sunny
day), whereas the MPP was obtained using the same MPPT
command. During this test, a 24 V battery was used to which
an electronic load was connected in order to guarantee con-
tinuously the nominal voltage of the latter (24 V). FIG. 10
shows the measurement system used.

On the basis of the measuring bench, the current and the
voltage present at the input and at the output of the converter
are simultaneously measured. These values allow the PV
power (PPV) supplied by the simulator and the power trans-
mitted to the battery (PBAT) and therefore the output of the
converter (PBAT/PPV) to be deduced. By taking into account
the time variable (test duration in hours), the quantity of PV
energy produced (EPV) and transferred to the battery (EBAT)
is then calculated.

The thresholds used are the conventional thresholds of 14
and %4.

The power profile of the simulator is shown in FIG. 8.

The value of the stabilization time t is fixed in the example
at 10 minutes.

FIGS. 9a and 95 show the values of P, and P, in the cases
with and without the algorithm of the invention. It is noted, in
the case according to the invention, that when the number of
CS reverts from 3 to 1, a slight decoupling occurs in the output
power, resulting in a gain in terms of output (for low powers,
the output is better with a single CS).

The following results are obtained:

Battery de-de

PV energy energy output
[Wh] [Wh] [%]
Comparative 96.69 87.81 90.8
Invention 96.06 86.97 90.5

According to this table and as one could without doubting
the use of this algorithm reduces the conversion output of the
power stage by 0.3%. However, this reduction remains within
an acceptable limit. Conversely, the thermal constraints and
stress endured by the components are minimized, resulting in
an increase in the service life of the adaptation stage. The
balance is positive.

The invention claimed is:

1. An electronic control system of a photovoltaic generator
having at least one cell, the electronic control system com-
prising:

a plurality of n parallel coupled static converters, each of
said plurality of static converters configured for being
selectively coupled to at least one of the at least one cells
of the photovoltaic generator, wherein a connection

10

25

30

35

40

45

50

55

60

65

12

including a select number of said plurality of static con-
verters is selected in accordance with a variation in pho-
tovoltaic power determined by comparing power gener-
ated by the at least one cells to power threshold values
P1, P2, . .. Pn-1, the connection including i static con-
verters of said plurality of static converters if a first
connection condition corresponding to a measured
power value between Pi-1 and Pi is satisfied, and the
connection including each static converter of said plu-
rality of static converters if a second connection condi-
tion corresponding to a measured power value greater
than Pn-1 is satisfied, wherein the connection is made
only after a delay time t if the corresponding first con-
nection condition or the corresponding second connec-
tion condition is still satisfied.

2. The system according to claim 1 wherein said plurality
of n parallel coupled static converters is provided as three
parallel coupled static converters.

3. The system according to claim 1 wherein the delay time
t is between about three minutes and about twenty minutes.

4. The system according claim 1 wherein each of said
plurality of static converters are comprised of components
and the value of the delay time t depends upon a state of the
components of said plurality of static converters.

5. The system according to claim 1 wherein the value of the
delay time t depends upon weather conditions, chosen espe-
cially from weather conditions associated with a geographic
region at which the photovoltaic generator is located and a
season of the year.

6. The system according to claim 1 wherein said plurality
of'n parallel coupled static converters are connected in turn.

7. The system according to claim 6 wherein a rotation of
said plurality of n parallel coupled static converters is deter-
mined based on the variation in the number of said plurality of
n parallel coupled converters engaged.

8. The system according to claim 7 wherein:

each of said plurality of parallel coupled static converters
are comprised of components; and

the rotation of said plurality of n parallel coupled static
converters depends upon a state of the components ofthe
converters.

9. A photovoltaic generator comprising:

at least one photovoltaic cell;

a plurality of n parallel coupled static converters, each of
said plurality of static converters configured for being
selectively coupled to at least one of the at least one cells
of the photovoltaic generator; and

a management system to determine when each of said
plurality of converters should be selectively coupled to
at least one of the at least one cells of the photovoltaic
generator, wherein a connection including a select num-
ber of said plurality of converters connected is selected
in accordance with a variation in photovoltaic power
determined by comparing a measured power value of
power generated by the at least one photovoltaic cell
with threshold values P1, P2, . . . Pn-1, the connection
including i static converters of said plurality of static
converters if a first connection condition corresponding
to a measured power value between Pi-1 and Pi is sat-
isfied, and the connection including each static converter
of said plurality of static converters if a second connec-
tion condition corresponding to a measured power value
greater than Pn-1 is satisfied, wherein the connection is
made only after a delay time t if the corresponding first
connection condition or the corresponding second con-
nection condition is still satisfied.
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10. A method of controlling a photovoltaic generator hav-
ing at least one photovoltaic cell and a plurality of n parallel
coupled converters, each of the plurality of converters con-
figured for being selectively electrically connected to at least
one of the at least one photovoltaic cells, the method com-
prising:

measuring an amount of power generated by the at least
one photovoltaic cell and determining a measured power
value based upon the measured amount of power;

comparing the amount of power generated by the at least
one photovoltaic cell with a peak power value;

comparing the amount of power generated by the at least

one photovoltaic cell to threshold values P1, P2, . . .

Pn-1; and

establishing a connection including a select number of the
plurality of converters, the connection including i con-
verters of the plurality of converters if a first connection
condition corresponding to a measured power value
between Pi-1 and Pi is satisfied, and the connection
including each static converter of the plurality of con-
verters if a second connection condition corresponding
to a measured power value greater than Pn-1 is satisfied,
wherein connection is made only after a delay time t if
the corresponding first connection condition or the cor-
responding second connection condition is still satisfied.

11. The method according to claim 10 wherein comparing
the amount of power generated by the at least one photovol-
taic cell to threshold values P1, P2, . . . Pn—1 comprises:

comparing the amount of power generated by the at least
one photovoltaic cell with a threshold value P1;

(a) if the power generated by the at least one photovoltaic
cell is below the threshold value P1, then connecting a
single one of the plurality of converters;

(b) if the power generated by the at least one photovoltaic
cell is greater than the threshold value P1, then compar-
ing the power generated by the at least one photovoltaic
cell to a second threshold value P2;

(b1) if the power generated by the at least one photovol-
taic cell is less than the second threshold value P2,
connecting two of the plurality of converters;
(b1)(1) then comparing the power generated by the at

least one photovoltaic cell to the first threshold P1,

and

if the power generated by the at least one photovol-
taic cell is greater than this threshold then return-
ing to (b); and

if the power generated by the at least one photovol-
taic cell is below threshold P1, then identifying a
trigger time t;
(b1)(2) if a timer was triggered, then comparing the
power generated by the at least one photovoltaic
cell to the first threshold P1 and
if the power generated by the at least one photovol-
taic cell exceeds the threshold, then returning to
(b) and setting the delay to zero; and

if the power generated by the at least one photovol-
taic cell is below the threshold value P1, making
a determination of the delay time and comparing
the power generated by the at least one photo-
voltaic cell to the threshold value P1;

(b1)(3) when the delay time has elapsed, returning to
@

(b2) if the power generated by the at least one photovol-
taic cell is greater than a second threshold value P2,
then connecting three (3) of the plurality of convert-
ers,
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(b2)(1) then comparing the power generated by the at
least one photovoltaic cell to the second threshold
value P2, and
if the power generated by the at least one photovol-
taic cell is greater than the threshold value P2,
returning to (b2); and

if the power generated by the at least one photovol-
taic cell is less than threshold value P2, trigger-
ing a new timer t;
(b2a)(2) if the timer was triggered, then comparing
the second threshold value P2 to the power gener-
ated by the at least one photovoltaic cell, and
if the power generated by the at least one photovol-
taic cell exceeds the threshold value P2, return-
ing to step (b2) having given the delay to zero;
and

if the power generated by the at least one photovol-
taic cell is below threshold value P2, there is
determination of the elapse of the delay time and
if the delay time has not elapsed, the comparison
to the value P2 is resumed;

(b2)(3) when the delay time has elapsed, returning to
one of (a) or (b); and

repeating (a) and (b) for each of the plurality of converters.

12. The method of claim 11 further comprising:

in response to the determined power generated by the at
least one photovoltaic cells being below a threshold
value, connecting additional converters when all con-
verters are not connected.

13. The method of claim 12 further comprising:

connecting at least a first one of the plurality of n parallel
coupled converters to at least one of the at least one
photovoltaic cells; and

connecting a number of the plurality of n parallel coupled
converters to at least one of the at least one photovoltaic
cells which is larger than the least first one of the plural-
ity of n parallel coupled converters; and

in response to a need to reduce the number of the plurality
of n parallel coupled converters to at least one of the at
least one photovoltaic cells, disconnecting the first one
of the plurality of n parallel coupled converters.

14. The method of claim 12 further comprising rotating the
plurality of n parallel coupled converters in response to the
measured power value changes being between the thresholds
Pi and Pi-1.

15. A method according to claim 12 further comprising:

determining one or more of: the duration of utilization
and/or number of utilization of each the plurality of n
parallel coupled converters;

connecting each of the plurality of n parallel coupled con-
verters such that over time, one or more of duration of
use and/or the number of use is equal amongst the plu-
rality of n parallel coupled converters.

16. The method of claim 10 wherein comparing the amount
of power generated by the at least one photovoltaic cell to
threshold values P1, P2, . .. Pn—1 comprises:

comparing with a threshold value P1 in a management
system for controlling the photovoltaic generator;

(a) if the power generated by the at least one photovoltaic
cell is below the threshold value P1, then connecting a
single one of the plurality of converters;

(b) if the power generated by the at least one photovoltaic
cell is greater than the threshold value P1, then compar-
ing the power generated by the at least one photovoltaic
cell to a second threshold value P2;
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(b1) if the power generated by the at least one photovol-
taic cell is less than the second threshold value P2,
connecting two of the plurality of converters;

(b1)(1) then comparing the power generated by the at
least one photovoltaic cell to the first threshold P1,
and

if the power generated by the at least one photovol-
taic cell is greater than this threshold then return-
ing to (b); and

if the power generated by the at least one photovol-
taic cell is below threshold P1, then identifying a
trigger time t;

(b1)(2) if a timer was triggered, then comparing the
power generated by the at least one photovoltaic
cell to the first threshold P1 and

if the power generated by the at least one photovol-
taic cell exceeds the threshold, then returning to
(b) and setting the delay to zero; and

if the power generated by the at least one photovol-
taic cell is below the threshold value P1, making
a determination of the delay time and comparing
the power generated by the at least one photo-
voltaic cell to the threshold value P1;

(b1)(3) when the delay time has elapsed, returning to
(@
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(b2) if the power generated by the at least one photovol-
taic cell is greater than a second threshold value P2,
then connecting three (3) of the plurality of convert-
ers,
(b2)(1) then comparing the power generated by the at
least one photovoltaic cell to the second threshold
value P2, and
if the power generated by the at least one photovol-
taic cell is greater than the threshold value P2,
returning to (b2); and

if the power generated by the at least one photovol-
taic cell is less than threshold value P2, trigger-
ing a new timer t;
(b2)(2) if the timer was triggered, then comparing the
second threshold value P2 to the power generated
by the at least one photovoltaic cell, and
if the power generated by the at least one photovol-
taic cell exceeds the threshold value P2, return-
ing to step (b2) having given the delay to zero;
and

if the power generated by the at least one photovol-
taic cell is below threshold value P2, there is a
determination of the elapse of the delay time, and
if the delay time has not elapsed, the comparison
to the value P2 is resumed;

(b2)(3) when the delay time has elapsed, returning to
one of (a) or (b).
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